CD24 plays an oncogenic role in the onset and progression of various human cancers, including prostate cancer. In the present study, we identified two linkage disequilibrium blocks with four recombination hotspot motifs in human CD24 locus. To elucidate whether genetic variants of CD24 are associated with susceptibility to prostate cancer and its disease status, we conducted a case-control association study with two P170 C/T and P-534 A/C polymorphisms of CD24 in 590 patients with prostate cancer and 590 healthy controls. A significant increased risk of prostate cancer was found in men with the P170 T/T genotype over the P170 C/C genotype (odd ratio ¼ 1.74, 95% confidence interval ¼ 1.16-2.63, P ¼ 0.008), and in men with the P-534 C/C genotype over the P-534 A/A genotype (odd ratio ¼ 1.47, 95% CI ¼ 1.18-2.26, P ¼ 0.003). Cochran-Armitage trend analysis showed that the P170 T allele was significantly correlated with an increased risk of prostate cancer progression (P ¼ 0.029, trend between genotypes and stages) and this observation was also validated in an independent sample cohort. Next, we found that tumors with P170
CD24 plays an oncogenic role in the onset and progression of various human cancers, including prostate cancer. In the present study, we identified two linkage disequilibrium blocks with four recombination hotspot motifs in human CD24 locus. To elucidate whether genetic variants of CD24 are associated with susceptibility to prostate cancer and its disease status, we conducted a case-control association study with two P170 C/T and P-534 A/C polymorphisms of CD24 in 590 patients with prostate cancer and 590 healthy controls. A significant increased risk of prostate cancer was found in men with the P170 T/T genotype over the P170 C/C genotype (odd ratio ¼ 1.74, 95% confidence interval ¼ 1.16-2.63, P ¼ 0.008), and in men with the P-534 C/C genotype over the P-534 A/A genotype (odd ratio ¼ 1.47, 95% CI ¼ 1.18-2.26, P ¼ 0.003). Cochran-Armitage trend analysis showed that the P170
T allele was significantly correlated with an increased risk of prostate cancer progression (P ¼ 0.029, trend between genotypes and stages) and this observation was also validated in an independent sample cohort. Next, we found that tumors with P170
T or P-534 C alleles had more twofold increased protein expressions of CD24 as compared to those with P170 C or P-534 A alleles, respectively. Likewise, tumors with a combination of P170
T/T and P-534 C/C genotypes were associated with a high mRNA level of CD24. Our data suggest a significant association of CD24 genetic variants with prostate cancer onset and progression, which provides new insight into molecular genetics of prostate cancer; however, these findings need to be validated in multiple independent cohorts.
INTRODUCTION
Prostate cancer (PCa) is one of the most commonly diagnosed malignancies [1] . In clinical practice, PCa is often categorized into different groups primarily based on histological grade (Gleason score), clinical TNM stage, as well as serum prostate-specific antigen (PSA) levels [2] . To date, aggressive, poorly differentiated high-grade PCa remains incurable and potentially lethal, underscoring the urgent need for a better understanding of the molecular basis underlying PCa progression. Whereas 5-10% of PCa cases are estimated to be primarily caused by inherited genetic factors or PCa susceptibility genes, large case-control studies and cohort studies suggest that family history is a major genetic determinant in high-risk PCa [3] [4] [5] . However, the inheritable genetic factors used to predict PCa aggressiveness are not fully understood.
CD24 encodes a glycosylphosphatidylinositol (GPI)-anchored cell surface protein with expression of many tissues and is most abundantly expressed in hematopoietic and immature neuronal cells [6] . Of note, we and three public datasets, such as The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO) and Oncomine, have reported aberrant overexpression of CD24 in human PCa samples, which was associated with aggressive metastasis and poor prognosis for patients with PCa [7] [8] [9] . Up to now, CD24 oncogenic function has been well demonstrated in cancer cells by inducing ectopic expression, targeted mutation, gene silencing, and antibody blocking [10] [11] [12] . Recently, our functional analysis identified that, in PCa cells, intracellular CD24 promoted cell proliferation but inhibited apoptosis, leading to tumor progression and metastasis in both xenogenic and transgenic tumor models [8, 9] . This evidence suggests that CD24 functioning as an oncogene appears to be an important determinant for PCa aggressiveness.
Human CD24 messenger RNA (mRNA) contains a 0.24-kb open-reading frame (ORF) and a 1.8 kb 3 0 -untranslated region (UTR). Recently, we first identified the full-length DNA sequence of the human CD24 gene (submitted to NCBI database, accession number FJ226006) [13] , as it was wrong to be assembled within the Y chromosome. Thus, while genome-wide association studies analyzed PCa inherited genetic factors or susceptibility genes [14] [15] [16] , these analyses did not cover CD24 genetic variants due to an unavailable full-length CD24 sequence. Notably, we identified two functional polymorphisms, P170 C/T [11, 17] and P1527 TG/deletion [11, 18] and a new functional CGC haplotype (P-534C/-492G/-442C in the promoter region) [13] (Figure 1A) . First, P170 C/T at exon 2 in the CD24 putative cleavage site for the GPI anchor [19] results in the replacement of the amino acid alanine with valine. In T cells and hepatocellular cells, the P170 T/T genotype expressed higher cell-surface CD24 than the P170 C/T or P170 C/C genotypes [11, 17] . Second, in lymphocyte and hepatocellular cells, the P1527 TG/deletion in the 3 0 -untranslated region reduced levels of CD24 mRNA by more than twofold [11, 18] . Analysis of RNA decay kinetics revealed that the half-life for the CD24 transcript with the TG deletion was at least fourfold shorter than that of the TG allele [18] . Third, a haplotype (CGC) consisting of three single nucleotide polymorphisms (P-534A/C, P-492G/C, and P-442C/T) specifically binds to a transcription factor, SP1, which is required for promoter activity [13] . Thus, these genetic variants could affect the level of CD24 expression and may be involved in PCa aggressiveness. Given the potential importance of CD24 oncogenic function in PCa aggressiveness, we conducted a case-control association study in 590 unrelated PCa patients and agematched 590 healthy volunteers in order to assess the genetic susceptibility of CD24 to PCa as well as whether CD24 genetic variants affect tumor progression, which was validated by an independent sample cohort. Likewise, we assessed the association of CD24 genetic variants with its gene expression in prostate cancer.
MATERIALS AND METHODS

Study Participants
A total of 1,200 male participants from the Second Hospital of Jilin University were enrolled in our study. Six hundred PCa patients were registered from December 2000 to March 2014. All PCa patients were diagnosed by histological examination of specimens obtained by transrectal sextant needle biopsy, by transurethral resection of the prostate, or by surgical resections. The clinical or pathological stage of PCas at the time of diagnosis was determined by reviewing the medical records based on the American Joint Committee on Cancer (AJCC) Cancer stage grouping system [20] . Pathological grading was based on specimens corresponding to Gleason scores of 2-10. In five patients, no definitive Gleason scores could be determined due to inadequate information. Male controls comprised 600 volunteers without any apparent urinary voiding symptoms or any history of prostatic disease. They were mainly selected randomly from the native Northern Chinese population attending a medical check-up in the Second Hospital of Jilin University between December 2000 and March 2014. Serum total PSA was tested in all male controls with normal levels (defined as 4.0 ng/mL or less). Written informed consent was obtained from all control subjects. The present study was approved by the Ethics Committee of the Second Hospital of Jilin University and written informed consents from all participants were obtained.
Two hundred and six formalin-fixed paraffinembedded (FFPE) PCa tissue microarray (TMA) specimens were purchased from US Biomax, Inc. (Rockville, MD). Twenty six frozen PCa tissue specimens were collected at the University of Alabama at Birmingham (UAB) Hospital between May 2012 and November 2015. Brief clinical and pathological characteristics of the subjects are presented in Table 1 . All patients were diagnosed by histological examination of specimens obtained from surgical resections. The pathological stage of PCa at the time of diagnosis was determined based on the Tumor-Node-Metastasis (TNM) system for US Biomax and UAB specimens. Pathological grading was based on specimens corresponding to Gleason scores of 2-10. In the UAB cohort, all subjects were Caucasians, but there were only Asian subjects in the US Biomax cohort. For all UAB specimens, informed consent was obtained from all subjects in accordance with the requirements of the Institutional Review Board of UAB.
Linkage Disequilibrium (LD) Analysis
All CD24 genetic variants were carried out using Haploview software [21] to study the LD pattern at the CD24 locus using the 301 Caucasian healthy control data from our previous studies [13, 18] . Specifically, pairwise LD measured r 2 was calculated for each of the eleven pairs of genetic variants, and their results were displayed in a tilted matrix.
Selection of Haplotype-Tagging CD24 Genetic Variants
In the International HapMap Project, CD24 is wrong to be assembled within the Y chromosome, thus LD information is unavailable at CD24 locus.
However, we used our two identified LD blocks to select two potentially functional genetic variants P170 C/T and P-534 A/C as haplotype-tagging single nucleotide polymorphisms (htSNPs) for each LD block, respectively. P170 C/T and P-534 A/C htSNPs with minor allele frequency (MAF) >0.05 and their potential function have been identified in our previous studies [13, 18] .
PCR-Restriction Fragment Length Polymorphism Analysis
CD24 genotypes were determined by PCR-restriction fragment length polymorphism (PCR-RFLP). We observed the following two CD24 loci: the P170 C/T SNP located at exon 2 in the coding region and the P-534 A/ C SNP located in the proximal promoter region. Genomic DNA was isolated using the Wizard genomic DNA purification kit (Promega Corp., Fitchburg, WI) for white blood cells and the PicoPure DNA isolation kit (Molecular Devices, Sunnyvale, CA) for PCa cells according to the manufacturer's instructions. The P170 C/T was amplified by PCR from the CD24 intron to the end of exon 2 by using a forward primer (5 0 -CTA AAG AGA ATG ACC TTG GTG GGT TGA-3 0 ) and a reverse primer (5 0 -GGA TTG GGT TTA GAA GAT GGG GAA A-3 0 ). The PCR conditions were as follows: 958C for 2 min, 948C for 30 s, 558C for 30 s, and 728C for 30 s, for 35 cycles, followed by 728C for 5 min. The PCR products were digested overnight with BstXI (508C) (New England Biolabs, Ipswich, MA) and then electrophoresed on 3.0% agarose gels. The genotypes were designated as C when the restriction sites of BstXI were absent (404 bp) and as T when each restriction site was present (274 bp þ 136 bp) as described in our previous study [18] . For P-534: forward primer (5 0 -AGA GAT AAC CCT GCC CGA G-3 0 ) and a reverse primer (5 0 -CCA AGT TTC CTT TGT TTC CC-3 0 ), and the PCR conditions were as follows: 958C for 2 min, 948C for 30 s, 558C for 30 s, and 728C for 30 s, for 35 cycles, following 728C for 5 min. The PCR products were digested overnight with BsrFI (378C) (New England Biolabs, Ipswich, MA) and were electrophoresed on 3.0% agarose gels. The genotypes were designated as A when the restriction sites of BsrFI were absent (209 bp) and as C when each restriction site was present (128 bp þ 85 bp) as described in our previous study [13] .
Immunohistochemistry (IHC) and Immunofluorescence
The ABC detection system (Vectastain Elite ABC) was used for immunostaining according to the manufacturer's protocol as described previously [8, 9] . Specific primary antibodies were used to detect CD24 (BD Pharmingen, ML5, 1:100, Cat #:555426) and GAPDH (Cell Signaling, 1:500, Cat#: 2118). Protein expressions of CD24 in the plasma membrane and cytoplasm were classified as negative or positive. The results were determined to be negative if <10% of cells within tumor areas were stained or positive if 10-100% were stained. All slides were examined by two pathologists in a blinded fashion. Mouse anti-CD24 (BD Pharmingen, ML5, 1:200, Cat #:555426) was used for immunofluorescence staining in the pTracer CMV2-CD24 C and pTracer CMV2-CD24
T [18] -transfected PC3 cells. Prostate cancer cell line PC3 was obtained from the American Type Culture Collection, authenticated by examination of morphology and growth characteristics, and confirmed to be mycoplasma-free. Cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, and cultured for less than 6 months.
Laser Capture Microdissection
Frozen tissue sections were used for laser capture microdissection to obtain prostate epithelial and cancer cells, as described previously [22, 23] . For analysis of gene expression, 5,000 cells were microdissected from target tissues.
Quantitative Real-Time PCR (qPCR) mRNA expression was analyzed using qPCR on the Real-Time PCR System (Roche) with SYBR Green dye (Promega) in accordance with the manufacturer's protocol. Relative expression levels were determined 
Statistical Analysis
In the case-control association study, cases and controls were examined for any significant differences in their genotype distributions in each of the CD24 genetic variants at the population level. The Hardy-Weinberg equilibrium assumption was confirmed for each genetic variant in the control group. We performed the Pearson Chi-square test for each genetic variant by comparing the distribution of the genotypes of the cases to those of the controls. The Odd ratios (ORs) for the remaining genotype variants were computed using the counts of one of the genotypes as a reference. The associated 95% confidence intervals (CIs) for the ORs were obtained through a multivariate logistic regression model adjusted by age as a potential confounding factor. Patient disease characteristics at diagnosis were summarized as the number and percentage of patients or as the ages, tumor stages, and Gleason scores. Associations of tumor progression with CD24 genotypes were evaluated using both the Pearson Chisquare test and the Cochran-Armitage trend test. For quantitative data, the distribution of data for each group was evaluated using a one-sample Kolmogorov-Smirnov test. In samples with normal distributions, the means of the variables were compared using a two-tailed t test between two groups. In samples with non-normal distributions, the medians of the variable between two groups were compared using a Mann-Whitney test. One-way analysis of variance (ANOVA) was used to test for overall differences followed by Fisher's least significant difference (PLSD) test. Statistical analyses were performed using the Microsoft Excel version 2010 and SPSS version 22.0 software (IBM/SPSS Inc., Chicago, IL), and P < 0.05 (two sided) was considered statistically significant.
RESULTS
CD24 Haplotype Structure and Recombination Hotspot Motifs
In the International HapMap Project, CD24 is incorrectly assembled within the Y chromosome, thus the LD information in CD24 locus is unavailable for us. We have identified several genetic variants in the ORF and promoter regions, but did not find any polymorphisms in the intron of CD24 in 301 normal healthy Caucasians ( Figure 1A ) [13] . Using this sample database, we constructed the LD map of human CD24 with Haploview software with seven polymorphisms in the proximal promoter and four polymorphisms in exon 2 ( Figure 1B ). Of note, two LD blocks are located in the promoter and in exon 2, respectively. Since the P-534C/-492G/-442C haplotype in the promoter region and P170 and P1527 polymorphisms in exon 2 are functional genetic variants [13, 17, 18] and MAF in P-534 A/C and P170 C/T polymorphisms are more 0.05, we selected these two polymorphisms to determine the genetic susceptibility of CD24 to PCa in our case-control association study.
CD24 Genetic Variants Associated With Risk and Progression of PCa
The patient clinic characteristics, including age, race, PSA level, tumor stage and Gleason score, are summarized in Table 1 . No significant difference in the mean age was found between the PCa group and the control group in the Jilin University sample cohort (P > 0.05). The CD24 genotypes were successfully obtained from 98.3% of blood DNA samples in the PCa cases (590/600) and the controls (590/600). The distribution of CD24 genotypes was in HardyWeinberg equilibrium in the control group (P170, P ¼ 0.932 and P-534, P ¼ 0.280). To assess the risk of PCa according to CD24 genotypes, logistic regression analysis was conducted with adjustment for age at the time of diagnosis. As shown in Table 2 , the P170 T/T genotype was more commonly observed in PCa patients (12.0%) than in controls (7.8%), and men with the P170 T/T genotype had a 1.74-fold increased risk of PCa compared to those with the P170 C/C genotype. However, no significant increased risk of PCa (OR ¼ 1.18) was observed when men with the P170 C/T genotype were compared to those with the P170 C/C genotype ( Table 2 ). Due to a small number of those with the P170 T/T genotype, the P170 T/T
, and P170 C/T genotypes were combined and then compared to the P170 C/C genotype, and a marginal significant association was observed (OR ¼ 1.27, 95% CI ¼ 1.01-1.59, P ¼ 0.045), but OR was dramatically reduced as compared to P170 T/T genotype alone, suggesting that the P170 T allele is a recessive genetic risk factor for PCa onset. Likewise, men with the P-534 C/C genotype had a 1.47-fold increased risk of PCa compared to those with the P-534 A/A genotype, but no significant increased risk of PCa (OR ¼ 1.11) was observed in men with the P534 A/C genotype ( Table 2 ), suggesting that the P-534 C allele is also a recessive genetic risk factor for PCa onset.
To further assess the relationship of CD24 genetic variants with tumor stage or Gleason grade at the time of diagnosis, we performed both the Pearson Chi-square test and the Cochran-Armitage trend test in the case group. As shown in Table 3 , frequency of the P170 C/C genotype was gradually reduced with tumor stages from I to IV (P-trend ¼ 0.029, Cochran-Armitage trend test), whereas those of P170 T/T genotype was gradually increased with tumor stages (P-trend ¼ 0.220, Cochran-Armitage trend test). While total genotype distribution was not significant in the Pearson Chi-square test (P ¼ 0.280), the Cochran-Armitage trend test showed a significant trend across all three P170 genotypes with tumor stages (P-trend ¼ 0.029), indicating that P170
T allele carrier status influences tumor progression. However, this observation was not reproduced in the P-534 polymorphism with similar analyses (Table 3) . Likewise, no significant relationships were observed between CD24 genetic variants and Gleason grades ( Table 4) .
Validation of the Association of CD24 Genotypes With Tumor Progression of PCa
To further validate the potential association of the CD24 genotype with tumor progression, we assessed the CD24 genotypes in an independent sample cohort from 206 Asian patients with PCa (US Biomax, Inc.). All CD24 genotypes were obtained from TMA PCa DNA samples. As shown in Table 5 , the frequency of the P170 C/C genotype appeared to be gradually reduced with tumor stages from T1 to T4 or Nþ/ Mþ, but no significance was found (P-trend ¼ 0.197, Cochran-Armitage trend test), whereas that of the P170 T/T genotype was gradually increased with tumor stages (P-trend ¼ 0.035, Cochran-Armitage trend test).
Total genotype distribution was not significant in the Pearson Chi-square test (P ¼ 0.090), but the CochranArmitage trend test showed a significant trend across either three P170 genotypes (P-trend ¼ 0.010), or four tumor stages (P-trend ¼ 0.009), or all P170 genotypes with tumor stages (P-trend ¼ 0.002), validating P170 T allele as a genetic risk factor for tumor progression of PCa. However, this significant trend was not observed in the P-534 polymorphism with the similar analyses ( Table 5 ).
In addition, as shown in Table 6 , frequency of the P170 C/C genotype was gradually reduced with Gleason grades from G2-6 to G8-10 (P-trend ¼ 0.017, Cochran-Armitage trend test), whereas that of the P170 T/T genotype was not significantly associated with Gleason grades (P-trend ¼ 0.358, Cochran-Armitage trend test). Total genotype distribution was not significant in the Pearson Chi-square test (P ¼ 0.090), but the Cochran-Armitage trend test showed a significant trend across all P170 genotypes with Gleason grades (P-trend ¼ 0.034) ( Table 6 ), indicating that the P170 T allele may also be associated with an increased tumor grade of PCa. However, this significant trend was not observed in the P-534 polymorphism with similar analyses (Table 6 ). 
Association of CD24 Genetic Variants With CD24 Gene Expression
Our recent IHC analysis has identified CD24 protein expression in 48% of human PCa samples [8] . Of note, CD24 protein expression is associated with tumor progression of PCa, especially tumor metastasis [8] . In the present study, we determined the effect of CD24 genetic variants on CD24 protein expression in the US Biomax sample cohort. As shown in Table 7 , the P170 T/T genotype was significantly associated with a 2.61-fold increase of CD24 protein expression compared with the P170 C/C genotype. While the P170 C/T genotype was also associated with a 1.85-fold increase of CD24 protein expression, no statistical significance was found (Table 7) . Likewise, the P-534 C/C genotype was associated with a 2.53-fold increase of CD24 protein expression compared with the P-534 A/A genotype (Table 7) . While a 1.73-fold increase of CD24 protein expression was also observed in tumors with P-534 A/C genotype, no statistical significance was found (Table 7) .
Our recent Analysis of the TCGA and GEO databases demonstrated that CD24 mRNA levels significantly increase with tumor stages, particularly for tumor metastasis in human PCas [8] . In the present study, we used a laser capture microdissection to extract the prostate cancer cells from frozen human PCa samples. After the CD24 genotyping, we obtained 6 PCa cases with both P170
T/T and P-534 C/C genotypes, 10 PCa cases with both P170 C/T and P-534 A/C genotypes, and 10 PCa cases with both P170
C/C and P-534
A/A genotypes ( Figure 2A) . Notably, tumor cells with P170 T/T and P-534 C/C genotypes were associated with the highest levels of CD24 mRNA expression, whereas the lowest levels were found in tumor cells with P170 C/C and P-534 A/A genotypes ( Figure 2B ). In addition, to determine whether the P170 at cleavage site of the GPI anchor [19] affects CD24 expression on plasma membrane, we transfected the exogenous CD24 P170 C and P170 T , respectively, into PC3 cells. PC3 cells do not express CD24 on the plasma membrane and express small amount of intracellular CD24 [9] . As shown in Figure 2C , the CD24 P170 C was obviously transferred on plasma membrane, but the majority of the CD24 P170
T was expressed intracellularly.
DISCUSSION
Human CD24 is located at 6q21 [13] . Our haplotype analysis identified two LD blocks on the human CD24 locus in the Caucasian population. One LD block in the promoter region covers the P170 C/T genetic variant and another LD block in exon 2 includes the P-534 A/C genetic variant. Of note, we identified four recombination hotspot motifs in the CD24 intron [24] [25] [26] . Thus, these may be the recombination hot spots on the CD24 intron that potentially influence the haplotype patterns, genetic recombination, and sequence evolution of this gene. This may explain the identification of several intronless CD24 pseudogenes on chromosomes 1, 15, and Y in the human genome [27] . In addition, the P170 C/T SNP in the coding region has been cited as rs52812045 in recent publications [28, 29] , but this reference SNP (refSNP) identification number is still recorded on the Y chromosome in the Database of SNP (dbSNP). P-534 A/C SNP is identified in our previous study [13] and still not issued with a refSNP identification number in refSNP. Thus, P170 C/T and P-534 A/C were used for the two genetic variants of human CD24.
While the genetic effect of CD24 has been investigated in a population-based case-control study with a total of 2,514 patients and 4,858 controls from Caucasian women using TaqMan custom genotyping assays, the association of CD24 genetic variants with risk of breast cancer was not found. However, the P170 T/T genotype was significantly associated with breast cancer prognosis for all-cause and breast cancer-specific mortality (hazard ratio ¼ 1.52 and 1.83, respectively) [29] . Also, the P170 T/T genotype is suggested to be a significant predictor of pathologic complete response to neoadjuvant chemotherapy for primary breast cancer [30] . Since several intronless CD24 pseudogenes have been identified in the human genome [27] , at least one primer in the intron is required for P170 C/T genotyping, but the primer information was not described in the above studies. In addition, a few studies estimated the association of CD24 genetic variants with risk of breast cancer [31] and esophageal cancer [32] , but the small sample size of studies limited the power of the statistical analyses to reflect a true effect. The present study is the first to assess the association of CD24 genetic variants with susceptibility to PCa and its disease progression in Asian men. We identified that both the P170 T and P-534 C alleles are likely to be genetic risk factors for PCa onset, but only the P170 T allele appears to be associated with more aggressive PCa, which is also validated in an independent sample cohort. Notably, the P170 T and P-534 C alleles are related to an increased expression of CD24 in both protein and mRNA levels.
Accumulating data have demonstrated the central role of CD24 in tumor formation, progression, and metastasis in human cancers [33] , including PCa [8] . Our previous studies also suggest that the P170 T allele appears to be associated with an increased expression of CD24 in T cells [11, 17] and the P-534 C allele may increase SP1-induced transcription of CD24 in breast cancer cells [13] . Given CD24 is sufficient to promote PCa progression [9] , both the P170 T and P-534 C alleles may also be related to tumor progression through alterations of CD24 expression and protein function. However, as a result, our Cochran-Armitage trend analyses identified a significant association of CD24 P170 genotypes with tumor stages or Gleason grades. More rapid progression of PCa was observed in the patients who carry the P170 T allele compared to those patients carrying the P170 C allele. Though the P-534 genotypes were significantly associated with risk of PCa onset, no significant relationship between the P-534 genotypes and tumor progression was found in the present study. The underlying reason for the different effects of two genetic variants on tumor progression remains unknown. Since P170 C/T is located at cleavage site for the GPI anchor [19] , this genetic variant appears to be associated with trafficking CD24 protein to the cell membrane. In fact, the P170 T allele results in the substitution of the amino acid alanine with valine, and our data revealed that this change reduces CD24 protein on cell membrane. Because intracellular CD24 has an oncogenic function in prostate cancer cells [9] , the P170 C/T change may enhance CD24 protein function as well as its oncogenic function during tumor progression.
In conclusion, our data suggest the significant association of CD24 genetic susceptibility to PCa onset and progression. P170
T and P-534 C alleles increase the risk of PCa in Asian men, and patients with the P170 C allele had more aggressive disease progression. Our results provide new insights into the molecular genetics of PCa; however, these findings need to be validated by multiple independent cohorts.
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